Summary
Introduction
Approximately 77% of adolescents with obesity remain obese as an adult, which may increase their risk for developing coronary heart disease, type 2 diabetes and other metabolic risk factors. (1) Moreover, 40% of adolescents with obesity meet the criteria for severe obesity by 30 years of age (2, 3) . Individuals with a consistently high body mass index (BMI) from childhood through adulthood are at an increased risk of hypertension, elevated LDL, reduced HDL, elevated triglyceride levels and carotid-artery atherosclerosis (4) . However, those who are overweight or obese during childhood, but are non-obese in adulthood, have a similar risk profile to those who were never overweight or obese in childhood or adulthood (4) . Thus, successful behavioral weight loss interventions are necessary for prevention of disease and premature death in adults with obesity, especially those who have had an elevated weight status since childhood.
Standard behavioral weight loss interventions focus on behavior modification in adults with obesity (5, 6) . These types of interventions typically include behavioral techniques such as problem solving, goal setting and self-monitoring of eating and exercise behavior to achieve overall goals of caloric restriction and increased engagement in exercise (7) . However, there is variability in the weight losses achieved with these interventions. Field et al. have suggested that the variability in results of behavioral interventions and overall small effects could be due to the fact that all types of overweight and obesity are currently grouped together (8) . Currently, weight loss interventions in adulthood do not take into account whether the individual has been obese throughout their lifetime or only recently. Given the degree to which behavioral patterns are shaped during childhood, it is reasonable to assume that those with juvenile onset obesity may have a different response to adult lifestyle interventions. It is possible that these individuals do not respond as well to the physical activity and diet-related components of a standard behavioral weight loss intervention compared with their adult-onset counterparts (9, 10) , which may impact weight loss. Understanding whether differences exist in response to a standard behavioral weight loss intervention between those with juvenile onset obesity and adult onset obesity may facilitate development of more effective interventions for this population.
The primary purpose of this study was to examine whether there was a difference in weight loss between individuals with self-reported juvenile onset obesity compared to those with adult onset obesity in response to an 18-month standard behavioral weight loss intervention. In addition, this study examined whether there was a difference in change in physical activity, fitness, dietary composition and total calorie intake between participants with juvenile onset and adult onset obesity. We hypothesized that in response to a standard behavioral weight loss intervention (i) participants with juvenile onset obesity would lose significantly less weight in comparison to those with adult onset obesity and (ii) there would be differences in physical activity, fitness, dietary composition and total caloric intake between onset groups.
Materials and methods

Participants
Participants included in this study were part of a randomized clinical trial (6) . Participants were recruited through newspaper, television, radio and direct mail advertisements and were instructed to call the study staff to be screened for eligibility and get a brief overview of the study. Inclusion criteria were (i) BMI ≥25.0 to <40 kg m À2 and (ii) between 18 and 55 years of age. Exclusion criteria included (i) history of cardiovascular disease; (ii) presence of metabolic conditions that may affect body weight; (iii) conditions that would prevent increasing engagement in physical activity; (iv) self-reported engagement in ≥20 min d À1 for ≥3 d week À1 of physical activity over the prior 6 months; (v) medications that would affect body weight or heart rate; (vi) sustained weight loss of ≥5% within the past 12 months and (vii) women pregnant in the past 6 months, currently pregnant or planning to become pregnant in the next 18 months. Eligible participants attended an orientation session and were given more information about the randomization, assessment procedures and intervention components of the study. Interested participants provided their written informed consent to participate in the study on the day of their baseline assessment. Participants were randomized (stratified by gender) into the three intervention groups after completion of their baseline assessment using a randomization sequence generated by the biostatistician of the parent study (6) . Outcomes were assessed on four separate occasions at 0, 6, 12 and 18 months of the intervention with data collected by trained staff. Assessment staff were aware that the participants were enrolled in a weight loss program, so to reduce potential bias the staff did not have access to prior assessment data during subsequent measurement periods. Further details regarding assessment protocols have been published previously (6) . Study procedures were approved by the University of Pittsburgh Institutional Review Board. Individual level data are not publically available due to local Institutional Review Board restrictions; associated protocols may be available upon request.
Participants were categorized according to age of onset of obesity based on their response to the weight history questionnaire completed at baseline. The specific question stated, 'Select whether you were extremely underweight, underweight, normal weight, overweight or extremely overweight at each of the following ages'. The age categories were as follows: (i) Pre-School; (ii) Elementary School; (iii) Junior High (12-14 years); (iv) High School (15-18 years); (v) 19-25 years and (vi) 26-35 years. Participants were categorized as 'juvenile onset' (n = 68) if they reported being overweight or extremely overweight at age 15-17 (i.e. overweight or obese as they transitioned into young adulthood). Participants who indicated overweight or extremely overweight at an earlier age in childhood, but were not overweight or obese at age 15-17, were not included in the analysis (n = 18). All other participants who reported being overweight or obese between the ages of 19-55 years were categorized as 'adult onset' (n = 116). Self-report has been used previously to categorize individuals as juvenile onset by Obesity Science & Practice Weight loss response by onset of obesity K. Rupp et al. 249 answering a similar question 'Were you overweight as a child or teenager?' (11).
Outcome assessments
BMI
Body weight was assessed to the nearest 0.1 kg using a calibrated scale with the participant dressed in a cloth hospital gown. Height was assessed using a wall-mounted stadiometer and recorded to the nearest 0.1 cm. BMI was computed as kg m À2 .
Cardiorespiratory fitness
Fitness was assessed by a submaximal graded-exercise test to 85% of the participants' age-predicted maximal heart rate computed as 220 minus the age of the participant. Heart rate was assessed via 12-lead electrocardiogram throughout the duration of the exercise test and in recovery. Participants walked on a treadmill at a speed of 3.0 mph at 0% incline. Speed remained constant throughout the duration of the test, and incline increased 1% every minute during the test. The test was terminated when the participant reached ≥85% of their age-predicted maximum heart rate. The time (minutes : seconds) it took to reach 85% of participants' maximal heart rate was used to represent fitness.
Physical activity
Physical activity minutes per week were assessed using the Paffenbarger Physical Activity Questionnaire, initially developed for the Harvard Alumni Study (12) . Participants were asked questions about the amount of time per week they spent walking for exercise or transportation, engaging in sport, fitness, or recreational activities and the number of flights of stairs climbed daily. Participants provided data on the number of days per week and average duration of each physical activity they reported. Physical activity minutes per week were calculated from the number of days per week and duration (minutes) per session of self-reported moderate-tovigorous physical activity including walking for exercise or transportation and sport, fitness or recreational activities. This questionnaire was completed at each assessment time point.
Dietary intake and eating Behaviours
A food frequency questionnaire was used to determine energy intake (kJ d À1 ) and macronutrient composition (as percent of total kJ) (13) . Total daily energy intake was calculated from the food frequency questionnaire, and macronutrient composition (% fat, % carbohydrate and % protein) was computed for each of the macronutrients. The Eating Behaviour Inventory (EBI) was used to assess eating behaviors associated with weight loss including self-monitoring of food intake and weight, food responses to emotions and grocery shopping with a list (14) . The EBI is a 26-item inventory with higher scores associated with greater engagement in weight loss behaviors (14) .
Intervention
The full intervention protocol has been published previously (6) . In brief, the parent study examined whether additional strategies at the initiation of intervention or at predetermined times over the intervention enhanced participant 18-month weight loss (6) . Participants were randomized into one of three intervention groups: (i) standard behavioral weight loss; (ii) standard behavioral weight loss with additional strategies at the initiation of the intervention or (iii) standard behavioral weight loss with additional strategies at predetermined times over the intervention period. All three of the intervention groups received (i) group intervention sessions; (ii) a dietary prescription for reduced caloric intake and (iii) a prescription for physical activity. Participants were instructed to attend group intervention sessions weekly during months 1-6 and biweekly during months 7-18. Sessions were led by an interventionist trained in nutrition, exercise or health psychology and lasted approximately 45 min. Additional strategies utilized in two of the intervention groups included supervised exercise at group sessions, additional campaigns to promote physical activity and additional telephone intervention contacts. However, all groups and study participants received the same dietary and physical activity prescription. The dietary component of the intervention included a caloric prescription based on current weight and a reduction in fat intake to 20-30% of total energy intake. Energy intake was prescribed at 5,023 kJ (1,200 kcal) d
À1
for participants weighing ≤90 kg and 6,279 kJ (1,500 kcal) d À1 for participants weighing >90 kg. Participants were asked to self-monitor their calorie intake by recording a food diary, which was provided to them. They were asked to turn in their food diaries weekly and later received feedback from the interventionist to encourage maximal adherence to their caloric prescription. All participants were prescribed a weekly physical activity goal. Initially, participants were prescribed a weekly physical activity goal of 100 min week À1 . On Week 5, this prescription was increased to 150 min week À1 , and on Week 9, it was increased to 200 min week À1 , where it remained for the duration of the study. Participants were encouraged to engage in physical activity on at least 5 d week À1 in bouts lasting at least 10 min in duration.
They were prescribed physical activity at a moderate-tovigorous intensity, which was defined as a Rating of Perceived Exertion of 11-15 on the Borg 15 category scale (15) . Participants were instructed to self-monitor their exercise along with their food intake in the diaries provided to them. Interventionists reviewed weekly physical activity diaries and provided encouragement to meet or continue meeting their weekly physical activity goals (6).
Statistical analysis
Differences in baseline characteristics of the participants by onset category (juvenile onset and adult onset) were analysed using chi-squared tests for categorical variables and t-tests for continuous variables. The Wilcoxon Rank-Sum test was used to test for significant differences in non-normally distributed baseline data. To examine differences in the outcome variables by onset category, separate mixed effects models were fit to the outcomes across each time point (baseline, 6, 12 and 18 months). Each model was adjusted for the following covariates: age, gender, race (Caucasian vs. non-Caucasian), treatment group, time and treatment group by time interaction. Analyses were focused on onset effect, time effect and onset by time interaction effect.
Results from the mixed model analyses are presented as the least square mean with 95% confidence interval. Included in the analyses were all participants that completed baseline and one follow-up assessment. Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results
There were 218 participants randomized in the parent trial, with 23 removed from the study after randomization due to reasons that made them ineligible to continue the study (pregnancy, relocation, etc.). Of the 195 participants remaining, 18 were excluded from analyses as they were not able to be categorized as juvenile or adult onset by the criteria defined for this study. They were unable to be categorized into either group because they indicated overweight or extremely overweight at an earlier age in childhood but were not overweight or obese at age 15-17. Dropout rates were not significantly different between juvenile onset and adult onset groups. Table 1 presents the baseline characteristics of the final analysis sample by onset group. There were no significant differences at baseline between onset group for gender, race/ethnicity or education. In addition, based on chi-squared analysis, there was no significant difference between juvenile onset and adult onset groups and treatment randomization (p = 0.909). The juvenile onset group was significantly younger (39. 7 Table 1 ). There were no significant differences at baseline between the juvenile onset and adult onset groups for physical activity, daily caloric intake, EBI score or macronutrient composition.
Baseline characteristics
Outcome variables
Weight loss
Both the juvenile onset and adult onset groups experienced significant weight loss over time (p < 0.001) (Figure 1 ). The weight loss from baseline at 6 months in the juvenile onset group was À8.7 kg (95% CI, À10.8 kg to À6.7 kg) and À9.4 kg (95% CI, À11.0 kg to À7.9 kg) in the adult onset group. Weight loss from baseline to 12 months in the juvenile onset group was À7.8 kg (95% CI, À10.4 kg to À5.2 kg) and À8.8 kg (95% CI, À10.6 kg to À6.9 kg) in the adult onset group. Weight loss from baseline at 18 months in the juvenile onset group was À5.2 kg (95% CI, À8.0 kg to À2.5 kg) and À7.1 kg (95% CI, À9.1 kg to À5.2 kg) in the adult onset group. There was no significant effect of obesity onset (p = 0.351) or obesity onset × time interaction (p = 0.264) ( Table 2) .
Fitness
Both the juvenile onset and adult onset groups experienced significant improvement in fitness over time (p < 0.001). There was a significant onset × time interaction (p = .041) for improvement in fitness (Table 2) . Post-hoc analyses showed that the adult onset group had significantly (p < 0.001) greater gains in fitness from baselines to 6 months compared with the juvenile onset group. There was no significant difference between Obesity Science & Practice
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Physical activity
There was an overall significant improvement in physical activity in both the juvenile onset and adult onset groups over time (p < 0.001). There was a significant difference between obesity onset groups (p = 0.001), but there was no significant obesity onset × time interaction (p = 0.410) for physical activity.
Dietary intake, EBI score and macronutrient composition
There was a significant reduction in daily caloric intake in both the juvenile onset and adult onset groups (p < 0.001) as well as a significant improvement in EBI scores in both the juvenile onset and adult onset groups (p < 0.001).
There was a significant increase in percentage of daily protein, reduction in percentage of daily fat and increase in percentage of daily carbohydrates (p < 0.001). However, there was no significant effect of obesity onset or obesity onset × time interaction for any of the dietary measures.
Discussion
Contrary to our initial hypothesis, the results of this study suggest that age of onset of obesity does not appear to influence weight loss achieved in a standard behavioral weight loss intervention. Also, in contrast to our hypotheses, there were no significant differences in the pattern of change in physical activity or the change in dietary measures between the juvenile onset and adult onset groups. Several decades ago, a study found that adults who reported being overweight since childhood were able to achieve similar weight loss as those who did not become overweight until adulthood; however, weight was based on self-report (16) . The findings from this current study appear to confirm and extend this prior research by comparing clinically measured weight loss between individuals with juvenile onset and adult onset obesity, as well as assessing their diet and physical activity responses to a standard behavioral weight loss intervention. This study found that while the juvenile onset group had a higher level of fitness at baseline, the adult onset group had significantly greater initial gains in fitness over the first 6 months of the intervention. This difference in baseline fitness may have contributed to the greater initial gains in the adult onset group compared with the juvenile onset group. We were unable to detect differences in physical activity that may have contributed to this different pattern of fitness change between the groups. Moreover, although the adult onset group had significantly greater gains in fitness from baseline to 6 months, in subsequent months, fitness was similar between the two groups, suggesting that this initial difference in response was not sustained. While it is possible that self-reported physical activity limited our ability to detect differences between groups that might explain the different pattern of fitness change, there may be other unknown explanations as well. While speculative, it is possible that the juvenile onset group engaged in lower intensity physical activity, potentially due to adverse experience with physical activity as a child, compared to the adult onset group, which may have contributed to the smaller initial fitness gains. This requires confirmation. Therefore, further research is needed to explore the potential mechanisms behind the greater initial gains in fitness observed in the adult onset group.
In the current study, attrition rates were not statistically different between those with juvenile onset and adult onset obesity across the 18-month study period. These findings are in contrast to a study that found that those with juvenile onset obesity were less likely than their adult onset obesity counterparts to successfully complete a weight loss program (17) . The potential reasons for this inconsistency across studies is unclear and warrants additional examination. This study is not without limitations. The participants volunteered to participate in a research study that included a weight loss program, which may not be representative of adults in the general population who seek other weight loss programs. This study also grouped participants in a post-hoc manner based on self-reported perception of weight status at various ages, which may have been influenced by participant's perception of body size. Rather, future studies should consider specifically recruiting participants based on age of obesity onset and to include an objective method (e.g. health records) to confirm the age of obesity onset. While this study did not detect differences in dietary intake or other eating behaviors by age of obesity onset, these data were based on self-report, which may have influenced the accuracy of these data. In a similar manner, physical activity was assessed via self-report, which may have limited our ability to detect differences by age of onset that would explain the differences in fitness observed in this study.
In summary, the current study suggests that regardless of age of onset of obesity (juvenile vs. adult) there is a similar response to a standard behavioral weight loss intervention for weight loss, and both diet and physical activity changes. Thus, based upon the results presented in this study, it appears that the approach of a standard behavioral weight loss intervention may not need to be tailored to this unique participant characteristic of individuals seeking weight loss treatment. However, these findings require replication in studies specifically designed to recruit participants with juvenile and adult onset obesity and with objective measurements of obesity onset, physical activity and dietary measures to further our understanding of responsiveness to a behavioral weight loss intervention by age of onset of obesity.
